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Abstract – The information, including the knowledge in the science, business and society, 
is being generated, transmitted, received and analyzed by the humans in the various countries 
over the centuries. The information is a most valuable asset in possession by the economic 
agents in the modern economies of the scales and scopes in the information societies in an 
information age. The authors introduce a notion on the general information product (GIP) in the 
macroeconomics, thoughtfully defining the GIP in the frames of the Ledenyov theory on the 
GIP(t) in the economies of scales and scopes for the first time. The multiple possible origins of 
the fluctuations of the dependence of the general information product on the time GIP(t) in the 
economies of scales and scopes are researched comprehensively. Authors consider the GIP(t) as 
a main parameter, which evaluates the performance of the economies of the scales and scopes 
from macroeconomics perspective. Authors assume that the accurate characterization of the 
dependence GIP(t) can be made in agreement with the Ledenyov theory on the GIP(t) in the 
economies of scales and scopes. Authors believe that the Ledenyov indicator GIP(t) instead of 
the Kuznets indicator GDP(t), can be successfully used to accurately measure the 
state/performance by any economy of scale and scope in the time domain. Authors think that the 
GIP(t) is a discrete-time digital signal (the Ledenyov digital wave), but it is not the continuous-
time signals (the continuous waves), because of the discrete digital nature of information 
generation process. The article considers the empirical theoretical approaches and reveals the 
possible practical technical limitations in relation to the modeling of the new types of the 
discrete-time digital signals generators for the Ledenyov digital waves generation in the 
economies of the scales and scopes at the time of globalization. 
JEL: E32, E43, E44, E53, E58, E61, G18, G21, G28 
PACS numbers: 89.65.Gh, 89.65.-s, 89.75.Fb 
Keywords: dependence of general information product on time GIP(t), dependence of general 
domestic product on time GIP(t), discrete-time digital waves, discrete-time digital signals 
generators, spectrum analysis / amplitude / frequency / wavelength / period / phase of discrete-
time digital signal, mixing / harmonics / nonlinearities of discrete-time digital signal, continuous-
time signals, Juglar fixed investment cycle, Kitchin inventory cycle, Kondratieff long wave 
cycle, Kuznets infrastructural investment cycle, econophysics, econometrics, nonlinear dynamic 
economic system, economy of scale and scope, macroeconomics. 
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Introduction 
 
The traditional macroeconomics science represents a synthesis of universal knowledge 
towards the theories of macro-processes in the economics in Joseph Penso de la Vega (1668, 
1996), Mortimer (1765), Smith (1776, 2008), Menger (1871), Bagehot (1873, 1897), von Böhm-
Bawerk (1884, 1889, 1921), Hirsch (1896), Bachelier (1900), Schumpeter (1906, 1911, 1933, 
1939, 1961, 1939, 1947), Slutsky (1910, 1915 1923), von Mises (1912), Hayek (1931, 1935, 
2008; 1948, 1980), Keynes (1936, 1992), Ellis, Metzler (1949), Friedman (1953), Baumol 
(1957), Debreu (1959), Krugman, Wells (2005), Stiglitz (2005, 2015), Dodd (2014). 
The modern macroeconomics science has been formulated around the notion of the 
business cycles, which are usually associated with the fluctuations of the economy output in the 
form of the oscillating quantity of the produced goods and provided services over the specified 
time period in the economy of scale and scope in Juglar (1862), George (1881, 2009), 
Kondratieff (1922, 1925, 1926, 1928, 1935, 1984, 2002), Kitchin (1923), Schumpeter (1939), 
Burns, Mitchell (1946), Dupriez (1947), Samuelson (1947), Hicks (1950), Inada, Uzawa (1972), 
Kuznets (1973a, b), Bernanke (1979), Marchetti (1980), Kleinknecht (1981), Dickson (1983), 
Hodrick, Prescott (1997), Baxter, King (1999), Kim, Nelson (1999), McConnell, Pérez-Quirós 
(2000), Devezas, Corredine (2001, 2002), Devezas (editor) (2006), Arnord (2002), Stock, 
Watson (2002), Helfat, Peteraf (2003), Sussmuth (2003), Hirooka (2006), Kleinknecht, Van der 
Panne (2006), Jourdon (2008), Taniguchi, Bando, Nakayama (2008), Drehmann, Borio, 
Tsatsaronis (2011), Iyetomi, Nakayama, Yoshikawa, Aoyama, Fujiwara, Ikeda, Souma (2011), 
Ikeda, Aoyama, Fujiwara, Iyetomi, Ogimoto, Souma, Yoshikawa (2012), Swiss National Bank 
(2012, 2013), Uechi, Akutsu (2012), Central Banking Newsdesk (2013), Ledenyov D O, 
Ledenyov V O (2013c, 2015d), Union Bank of Switzerland (2013), Wikipedia (2015a, b, c). 
There are the five main types of the business cycles in the modern macroeconomics 
science, which are originated by various kinds of the fluctuations of the economic variables in 
the economies of the scales and scopes: 
1. 3 – 7 years Kitchin inventory cycle in Kitchin (1923); 
2. 7 –11 years Juglar fixed investment cycle in Juglar (1862); 
3. 15 – 25 years Kuznets infrastructural investment cycle in Kuznets (1973a, b); 
4. 45 – 60 years Kondratieff long wave cycle in Kondratieff, Stolper (1935); and 
5. 70+ Grand super-cycle. 
The key research idea in the modern macroeconomics science that the dependence of 
the General Domestic Product on the time GDP(t) can be used with the aim to better 
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characterize the macroeconomic processes in the economies of scales and scopes has been 
suggested in Kuznets (1973a, b). 
The key discovery in the modern macroeconomics science is that the Ledenyov digital 
waves (the discrete-time digital signals) rather than the early considered continuous waves (the 
continuous-time signals) originate and propagate in the nonlinear dynamic economic system in 
the time domain in Ledenyov D O, Ledenyov V O (2015e). The Ledenyov digital waves may have 
the multiple origins and they can be generated by the discrete-time economical, financial, 
political and social events in the economies of scales and scopes in the time domain in Ledenyov 
D O, Ledenyov V O (2013c, 2015d, 2015e). 
In this research article, the authors would like to highlight an interesting observation that 
the information streams are being constantly generated by the economic agents in all the existing 
real and imaginary economic sectors of the modern economies of the scales and scopes in the 
information societies in 21st century. Therefore, aiming to reflect the essential aspect of changing 
economic reality, the authors introduce a notion on the general information product GIP(t) in 
the macroeconomics, thoughtfully defining the dependence GIP(t) in the frames of the Ledenyov 
theory on the GIP(t) in the economies of scales and scopes for the first time. Then, the authors 
consider the GIP(t) as a main parameter to evaluate the performance of the economies of the 
scales and scopes in the information societies. As a result, the authors come up with the 
important proposal that it necessary to use the general information product GIP(t) instead of 
both the general domestic product GDP(t) or the general national product GNP(t) with the 
purpose to accurately evaluate the performance of the economies of the scales and scopes in the 
information societies at the time of globalization. 
The authors would like to apply the classical socioeconomic approach, based on the 
universal fundamental knowledge and complemented by the innovative econophysical 
knowledge, to make the advanced research on the general information product GIP(t) in the 
macroeconomics in Schumpeter (1906, 1933), Bowley (1924), Fogel (1964), Box, Jenkins 
(1970), Grangel, Newbold (1977), Van Horne (1984), Taylor S (1986), Tong (1986, 1990), 
Judge, Hill, Griffiths, Lee, Lutkepol (1988), Hardle (1990), Grangel, Teräsvirta (1993), Pesaran, 
Potter (1993), Banerjee, Dolado, Galbraith, Hendry (1993), Hamilton (1994), Karatzas, Shreve 
(1995), Campbell, Lo, MacKinlay (1997), Rogers, Talay (1997), Hayashi (2000), Durbin, 
Koopman (2000, 2002, 2012), Ilinski (2001), Greene (2003), Koop (2003), Davidson, 
MacKinnon (2004), Cameron, Trivedi (2005), Iyetomi, Aoyama, Ikeda, Souma, Fujiwara (2008), 
Iyetomi, Aoyama, Fujiwara, Sato (editors) (2012), Vialar, Goergen (2009). 
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Accurate characterization of dependence of general information product on 
time GIP(t) in economies of scales and scopes in information societies 
 
The information in the form of a numerical measure of knowledge has been researched in 
the frames of the information theory in the information science, which is concerned with the 
scientific thinking on the generation, gathering, classification, transmission, storage, retrieval 
and analysis of the acquired bits of information, using the information communication science in 
Maxwell (1890), Gabor (1946), Shannon (1948), and the probability science in De Laplace 
(1812), Bunyakovsky (1846), Chebyshev (1846, 1867, 1891), Markov (1890, 1899, 1900, 1906, 
1907, 1908, 1910, 1911, 1912, 1913), Kolmogorov (1938, 1985, 1986), Wiener (1949), Brush 
(1968, 1977), Shiryaev (1995). 
The authors have already formulated the information theory of firm in the 
microeconomics in Ledenyov D O, Ledenyov V O (2015c), and presently, we would like to 
discuss the role of information in the macroeconomics, where the information can also be 
identified as a most valuable created / acquired / obtained asset in possession by the economic 
agents in the modern economies of the scales and scopes in the information societies in an 
information age. We would like to use the econometrical and econophysical principles, theories 
and perspectives in our advanced research in Schumpeter (1906, 1933), Bowley (1924), Box, 
Jenkins (1970), Grangel, Newbold (1977), Van Horne (1984), Taylor S (1986), Tong (1986, 
1990), Judge, Hill, Griffiths, Lee, Lutkepol (1988), Hardle (1990), Grangel, Teräsvirta (1993), 
Pesaran, Potter (1993), Banerjee, Dolado, Galbraith, Hendry (1993), Hamilton (1994), 
Karatzas, Shreve (1995), Campbell, Lo, MacKinlay (1997), Rogers, Talay (1997), Hayashi 
(2000), Durbin, Koopman (2000, 2002, 2012), Ilinski (2001), Greene (2003), Koop (2003), 
Davidson, MacKinnon (2004), Campbell, Lo, MacKinlay (1996). 
Let us begin by saying that the macroeconomics, which has been considered as an 
empirical science for long time in Krugman, Wells (2005), Stiglitz (2005, 2015), Desai, King, 
Goodhart (2015), is being transformed into the multidisciplinary econophysical / econometrical 
science presently. In the macroeconomics, the authors would like to introduce the notion on the 
general information product GIP(t), which represents the dependence of the general 
information product (GIP) on the time in the frames of the Ledenyov theory on the GIP(t) in 
the economies of scales and scopes for the first time. The dependence of the general 
information product (GIP) on the time can be interpreted as the dependence of the measured 
total information data stream over the finite time period (bits per month/quarter/year) in Hwang, 
Briggs (1984), Anceau (1986), Fountain (1987), Chen (editor) (1988), Van de Goor (1989), 
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Priemer (1991), Hsu (1995), Lathi (1998), Prisch (1998), Wanhammar (1999), McMahon 
(2007), Ledenyov D O, Ledenyov V O (2015a). The measured information has to include all the 
data at the multiple information layers, which are generated by the acting economic agents 
within the selected economy of the scale and scope over the finite time period. 
In other words, the authors would like to state that the GIP(t) is a main parameter, 
which evaluates the performance of the economies of the scales and scopes from the 
macroeconomics perspective, hence the Ledenyov economic indicator: the general information 
product per the time GIP(t), instead of the Kuznets economic indicator: the general information 
product per the time GDP(t) in Kuznets (1973a, b), has to be successfully used to accurately 
measure the state of any economy of scale and scope in the time domain.  
Going from the economic point of view, the five main possible origins of the discrete-
time fluctuations of the dependence of the general information product on the time GIP(t) in 
the economies of scales and scopes can include: 
1. Discrete-time fluctuations in the technical innovation appearance; 
2. Discrete-time fluctuations in the financial capital availability; 
3. Discrete-time fluctuations in the qualified/unqualified labour access; 
4. Discrete-time fluctuations in the resources presence; 
5. Discrete-time fluctuations in the political and social regimes. 
In general, the information streams with the discrete-time nature are being constantly 
generated by the various economic agents in all the existing real and imaginary economic 
sectors of the modern economies of the scales and scopes in the information societies in 21st 
century. Therefore, taking to the consideration the oscillating nature of GIP(t), the authors think 
that the GIP(t) is a discrete-time digital signals (the Ledenyov digital waves), but it is not the 
continuous-time signals (the continuous waves), because of the discrete-time digital nature of the 
information generation process. 
The example of the over-damped distorted discrete-time digital signal is shown in Fig. 1 
and the example of the reconstructed discrete-time digital signal is shown in Fig. 2. 
Moving to the next point, let us focus on the empirical theoretical approaches and reveal 
the possible practical technical implementations and their possible limitations as far as the 
modeling of the new types of the discrete-time digital signals generators for the Ledenyov digital 
waves generation in the economies of the scales and scopes at the time of globalization is 
concerned. 
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Fig. 1 shows an example of the over-damped distorted discrete-time digital signal in 
Matlab (R2012). 
 
Fig. 1. Example of over-damped distorted discrete-time digital signal (after Matlab (R2012)). 
 
Fig. 2 displays an example of the reconstructed discrete-time digital signal in Matlab 
(R2012). 
 
Fig. 2. Example of reconstructed discrete-time digital signal (after Matlab (R2012)). 
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The computer modeling is performed with the use of the recently developed discrete-
time digital wave generation model, which can be described by the mathematical expression: 
( )
( )
( )
( )
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: 1, 2
: 1,2,3,4
1,2,3,4,..., .
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Fig. 3 shows a visual representation of the discrete-time digital signal, which is generated 
by the Binary Phase Shift Keying (BPSK) with the phase ( ) 1,2tφ =  in Matlab (R2012). 
 
 
Fig. 3. Visual representation of discrete-time digital signal generated by Binary Phase Shift 
Keying (BPSK) with ( ) 1,2tφ =  (after Matlab (R2012)). 
 
In this research work, the developed experimental set up for the practical implementation 
of the discrete-time digital signal generator to model the dependence of the general 
information product (GIP) on the time, which is originated by the discrete-time oscillations of 
the economic variables in the economies of the scales and scopes includes: 
1) the baseband generator, which creates the baseband waveform to drive the                     
IQ modulator; 
2) the IQ modulator (the In-Phase and Qudrature modulator), which modulates the 
discrete-time digital signal; 
3) the high precision timer, which provides the time reference. 
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Changing the phase of digital signal discretely with the application of the Binary Phase 
Shift Keying (BPSK), Qudrature Phase Shift Keying (QPSK) and other high order digital 
modulation techniques (16PSK, 32PSK, 64PSK), it is possible to generate the discrete-time 
digital signals with the complex waveforms to model the oscillations of the economic variables 
in the economies of the scales and scopes in Rice (2008). 
Fig. 4 depicts the visual representation of the in-phase and quadrature components of the 
modulated signal constellation at the Quadrature Phase Shift Keying (QPSK) with 
( ) 1,2,3,4tφ =  in Matlab (R2012). 
 
 
Fig. 4. Visual representation of in-phase and quadrature components of modulated signal 
constellation at Quadrature Phase Shift Keying (QPSK) with ( ) 1,2,3,4tφ =  (after Matlab 
(R2012)). 
 
The quality of the discrete-time digitally modulated signal with the complex waveform 
has been estimated by measuring: 
1) the signal error vector magnitude (EVM) by computing the magnitude difference between 
the ideal reference signal and the measured signal on the IQ constellation diagram; 
2) the signal error phase (EP) by computing the phase difference (the angle) between the 
ideal reference signal and the measured signal on the IQ constellation diagram. 
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Fig. 5 displays the in-phase and quadrature components of the modulated signal 
constellation, showing a presence of the error vector magnitude at the Quadrature Phase Shift 
Keying (QPSK) with ( ) 1,2,3,4tφ =  in Matlab (R2012). 
 
Fig. 5. Visual representation of in-phase and quadrature components of modulated signal 
constellation, showing presence of error vector magnitude at Quadrature Phase Shift Keying 
(QPSK) with ( ) 1,2,3,4tφ =  (after Matlab (R2012)). 
Fig. 6 shows the in-phase and quadrature components of the modulated signal 
constellation, showing presence of the error vector magnitude at the 16 Quadrature Amplitude 
Modulation (16 QAM) with ( ) 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16tφ =  in Matlab (R2012). 
 
Fig. 6. Visual representation of in-phase and quadrature components of modulated signal 
constellation, showing presence of error vector magnitude at 16 Quadrature Amplitude 
Modulation 16 QAM with ( ) 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16tφ =  (after Matlab (R2012)). 
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The spectral analysis of the discrete-time digital signals has been performed with the 
application of the Discrete Fourier Transform (FT), Discrete Cosine Transform, z-Transform, 
Discrete Wavelet Transform, Discrete Walsh-Hadamard transform mathematical techniques by 
transforming the signal’s dependence of the amplitude on the time in the time domain to the 
signal’s dependence of the amplitude on the frequency in the frequency domain so that the 
energy of the discrete-time digital signal is assumed to be concentrated in the corresponding 
coefficients. Fig. 7 presents the conception demonstration of the Discrete Fourier Transform 
(DCT) of discrete-time digital signal in Matlab (R2012)). 
 
Fig. 7. Conception demonstration on Discrete Fourier Transform of discrete-time digital signal 
(after Matlab (R2012)). 
It may worth to note that our experimental setup to generate and analyse the discrete-
time digital signals includes the following measurements equipment: HP ESG signal generator, 
Rhode and Schwartz spectrum analyzer, Tektronix oscilloscope, Lenovo lap top computer with 
the GPIB board, and it was configured and calibrated in agreement with the spectrum analysis 
principles and techniques in Witte (1993, 2001). The obtained dependences of the general 
information product on the time GIP(t) for the G20 economies of the scales and scopes have 
been developed, analyzed and discussed subtly. These dependences GIP(t) represent a certain 
scientific interest, because of some reasons, hence they will be discussed in our next research 
article at later time. Comparing the GIP(t) method and the GDP(t) method, the authors came to 
one important result that the characterization method with the GIP(t) application is considered to 
be much more accurate. 
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Conclusion 
 
The macroeconomics has been considered as an empirical science for many centuries, 
however, at present time, the macroeconomics is being transformed into the multidisciplinary 
highly-technical science due to the recent discovery of the Ledenyov digital waves of GDP(t), 
which constitute a new class of the discrete-time digital signals in the economies of scales and 
scopes, resulting in an origination of considerable scientific interest by the researchers at the 
universities, governments and leading central banks toward the creation of new types of the 
discrete-time digital signals generators for the modeling of the business cycles generation, 
propagation and its accurate characterization. 
In this research article, the authors take a few steps forward and establish their 
innovative scientific considerations, which are based on a foundational hypothesis that the 
information is a most important valuable unique product and asset, which is created by the 
economic agents in the modern information societies in an information age. Then, the authors 
introduce a notion on the general information product GIP(t) in the macroeconomics, 
thoughtfully defining the dependence GIP(t) in the frames of the Ledenyov theory on the GIP(t) 
in the economies of scales and scopes for the first time. The multiple possible origins of the 
fluctuations of the dependence of the general information product on the time GIP(t) in the 
economies of scales and scopes are researched comprehensively. Authors consider the GIP(t) as 
a main parameter, which evaluates the performance of the economies of the scales and scopes 
from the macroeconomics perspective. Authors assume that the accurate characterization of the 
dependence GIP(t) can be made in agreement with the Ledenyov theory on GIP(t) in the 
economies of scales and scopes. Authors believe that the Ledenyov indicator: GIP(t), rather than 
the Kuznets indicator: GDP(t), can be successfully used to accurately measure the state of any 
economy of scale and scope in the time domain. Authors think that the GIP(t) is a discrete-time 
digital signal (the Ledenyov digital wave), but it is not the continuous-time signal (the 
continuous waves), because of the discrete digital nature of the information generation process 
by the various economic agents in the modern information societies in an information age. 
Finally, the article considers the empirical theoretical approaches and reveals the possible 
practical technical realizations and limitations in relation to the modeling of the new types of the 
discrete-time digital signals generators for the Ledenyov digital waves generation in the 
economies of the scales and scopes in the time and frequency domains. 
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Complementing the well-established empirical traditions with the new innovative 
multidisciplinary original research proposals in the macroeconomics, the authors came up to the 
important conclusion that it is possible to use the general information product GIP(t) instead of 
both the general domestic product GDP(t) and the general national product GNP(t) with the 
aim to accurately evaluate the performance of the economies of the scales and scopes at the time 
of globalization. 
Finally, the authors work to estimate the real dependences of the general information 
product on the time GIP(t) for the G20 economies of the scales and scopes, which are being 
subtly analyzed and comprehensively discussed presently. These dependences will certainly be 
described in our next research article in details. The comparative analysis between the GIP(t) 
and the GDP(t) is also in preparation, but one important thing can be revealed that the 
characterization method with the GIP(t) is considered to be much more accurate. 
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